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@ Process for the preparation of phthallc anhydride. 

@ A process for the preparation of phthallc anhydride by the 
catalytic oxidation of naphthiene and/or ortho-xylene which 
comprises contacting a mixed gas containing naphthalene 
and/or ortho-xylene and a molecular oxygen-containing gas 
with a catalyst bed comprising a first catalyst packed on the 
upstream side of the flow of mixed gas and a second catalyst 
packed on the downstream side of the flow, wherein the first 
catalyst has carried on a nonporous inactive carrier a 
catalyticalty active component composed of 90 to 67% by 
weight of titanium dioxide, 8 to 300/o by weight of vanadium 
pentoxide, 2 to 5% by weight of a cesium compound and 0.1 1 to 
0.2 of cesium compound/vanadium pentoxide (molar ratio) 
(calculated as CS2SO4), and the second catalyst has carried on 
the nonporous inactive carrier a catalyticalty active component 
composed of 94 to 67<Vb by weight of titanium dioxide, 5 to 30<Wo 
by weight of vanadium pentoxide and not more than 0.1 0/0 by 
weight of an alkali metaJ compound {calculated as sulfate), 
wherein specific surface are of catalyticalty active component of 
first catalyst is at least 20 m 2 /g. 
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PROCESS FOR THE PREPARATION OF PHTHALIC ANHYDRIDE 

This invention relates to a process for the preparation of phthalic anhydride. More particularly, it relates to a 
process for producing phthalic anhydride by subjecting naphthalene or ortho-xylene in a gaseous phase to 
5 catalytic oxidation with a molecular oxygen-containing gas. 

Phthalic anhydride, as widely known, is produced commercially by passing a mixed gas containing 
naphthalene or ortho-xyiene and a molecular oxygen-containing gas at elevated temperatures through a 
reactor packed with a catalyst thereby causing catalytic oxidation of naphthalene or ortho-xylene. A typical 
catalyst usable for this method comprises a nonporous inactive carrier and a catalytically active substance 

10 comprising 1 to 15% by weight of vanadium pentoxlde and 99 to 85% by weight of titanium dioxide deposited 
in a layer of a thickness of 0.02 to 2 mm on the carrier and used in an amount such that the vanadium pentoxide 
content falls in the range of 0.05 to 3<>/o by weight based on the catalyst (U.S.P. 3,464,930). There has been 
proposed another method which has a phosphorus compound further included in the catalytically active 
substance deposited on the carrier in the aforementioned catalyst (U.S.P. 3,684,741). 

15 However, the conventional methods such as described above have proved unsatisfactory in terms of 
repression of by-products, life of catalyst, yield of phthalic anhydride, etc. These problems become quite 
conspicuous when naphthalene is used as the raw material. These problems gain in seriousness in proportion 
as the concentration of naphthalene or ortho-xylene in the feed gas increases. Economically, however, it is 
desirable that the concentration of naphthalene or ortho-xylene should be so high as to exceed the lower 

20 explosive limit. In the meantime, the formation of by-products can be decreased by carrying out the oxidation 
at as high a temperature, at as low a gas feed volume, and in as low a concentration of naphthalene or 
ortho-xylene as possible. Under the conditions satisfying all these requirements, however, the productivity of 
phthalic anhydride is low. 

With a view to eliminating the drawbacks mentioned above, there has been proposed a method for effecting 
25 the gaseous-phase oxidation of naphthalene or ortho-xylene by using on the up-stream side of the flow of a 
mixed gas of raw materials a first catalyst carrying thereon a catalytically active substance consisting of 
vanadium pentoxide and titanium dioxide and containing rubidium in an amount of 0.01 to 0.3% by weight 
based on the titanium dioxide and containing no phosphorus and on the downstream side of the flow a second 
catalyst carrying therein a catalytically active substance consisting of vanadium pentoxide and titanium dioxide % 
30 and containing phosphorus in an amount of 0.02 to 0.8% by weight based on the titanium dioxide and 
containing no rubidium and a method for gas phase oxidation of naphthalene using a catalyst supporting 
catalytic ingredients containing 0.1 to 30 mol of titanium dioxide and 0.001 to 0.1 mol of cesium sulfate per 1 ^ 
mol of vanadium pentoxide as the first catalyst and a catalyst supporting catalytic ingredients containing 
vanadium pentoxide and titanium dioxide without containing an alkali metal (German Offenlegungsschrift P 
35 25 46 268 and Japanese Patent Publication No. sho 49(1974)-34,672). 

Even this method has a problem that the yield of phthalic anhydride is not sufficient as a whole. This problem 
is particularly conspicuous when naphthalene is used as the raw material. 

It is, therefore, desirable to provide an improved method for the manufacture of phthalic anhydride. 
It is also desirable to provide a method for producing phthalic anhydride in high yield and with high 
40 productivity (STY). 

Further, it is desirable to provide a method for producing phthalic anhydride from naphthalene as a raw 
material in high yield and with high productivity. 

Further, it is desirable to provide a method for producing phthalic anhydride the oxidation conditions such 
as oxidation reaction temperature range being capable of being selected from a wide range. 
45 It is also desirable to provide a method for producing phthalic anhydride from a mixed raw material of 
naphthalene and ortho-xylene in high yield and with high productivity. 

It Is also useful to provide a method for producing phthalic anhydride from any raw materials of naphthalene 
and ortho-xylene in high yield and with high productivity when any one is changed to the other. 

The present invention provides a process for the preparation of phthalic anhydride by the catalytic oxidation 
50 of at least one raw material selected from the group consisting of naphthalene and ortho-xylene which 
comprises contacting a mixed gas containing naphthalene or ortho-xylene or both and a molecular 
oxygen-containing gas with a catalyst bed comprising a first catalyst packed on the upstream side of the flow 
of mixed gas and a second catalyst packed on the downstream side of the flow, wherein the first catalyst 
comprises a first nonporous inactive carrier supporting thereon a catalytically active component composed of 
55 90 to 67o/o by weight of titanium dioxide, 8 to 30% by weight of vanadium pentoxide, 2 to 5% by weight of a 
cesium compound and a molar ratio of 0.11 to 0.2 of cesium compound per mole of vanadium pentoxide 
(calculated as CS2SO4), wherein the specific surface area of the catalytically active component is at least 20 
m 2 /g, and the second catalyst has carried on a second nonporous inactive carrier a catalytically active 
component composed of 94 to 67% by weight of titanium dioxide, 5 to 30% by weight of vanadium pentoxide 
60 and not mor than 0.1 0/0 by weight of an alkali metal compound (calculated as a sulphate) , wherein the specific 
surface area of the catalytically active component is at least 5 m 2 /g. 

The present invention also provides a catalyst for the manufacture of phthalic anhydride, which catalyst has , 
carried on a nonporous inactive carrier a catalytically active component composed of 90 to 67% by weight of 
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titanium dioxide, 8 to 30% by weight of vanadium pentoxlde, 2 to 5% by weight of cesium sulphate and 0.1 1 to 
0.2 of cesium compound/vanadium pentoxide (molar ratio) (calculated as CS2O4), wherein the specific surface 
ar of the catalyticaily active component is at least 20 m 2 /g. 
Preferably the cesium compound is cesium sulphate. 

Preferably, the specific surface area of the catalyticaily active component is 30 to 150 m 2 /g. 5 

The first nonporous inactive carrier and the second nonporous inactive carrier may be the same or different. 

The first catalyst to be used as packed on the upstream side of the flow of the mixed gas of raw materials in 
the present invention comprises a nonporous Inactive carrier, the nonporous Inactive carrier carrying thereon 
20 to 200 g, preferably 40 to 150 g, per litre of the carrier of a catalyticaily active component. The catalyticaily 
active component Is composed of 90 to 67% by weight, preferably 88 to 78% by weight, of titanium dioxide, 8 10 
to 30% by weight, preferably 10 to 20% by weight, of vanadium pentoxide; 2 to 5<Wd by weight, preferably 2.5 to 
4.5% by weight of cesium compound (calculated as CS2O4), with the proviso that the amount of ingredients of 
the catalyticaily active component of the first catalyst totals (with the optional ingredient(s) where necessary) 
100% by weight. The aforementioned catalyticaily active component desirably contains less than 0.1% by 
weight of a compound of tin, phosphorous, antimony, bismuth, tungsten and molydenum. Optionally, it may 15 
contain an alkali metal compound, such as K, Rb and the like, in small amounts. The specific surface area of the 
first catalyst is at least 20 m 2 /g, preferably 30 to 150 m 2 /g or 40 to 150 m 2 /g, more preferably 70 to 140 m 2 /g; 
as the specific surface area of the catalyticaily active ingredient increases, so catalytic activity increases. The 
specific surface area can be controlled by selection of titanium dioxide as raw material. For example, the 
specific surface area may be controlled by using in combination with a commercially available anatase having 20 
low specific surface area and titanium dioxide hydrate which can give anatase having high specific surface area 
by calcination. Further, a method for controlling the specific surface area is described In German 
Offenlegungsschrift P 2106796 and the like. 

This catalyst may be produced by an ordinary method. For example, It may be produced by dissolving or 
suspending vanadium pentoxide or any of vanadium compounds such as, for example, ammonium vanadate, 25 
and sulfate, oxalate, formate, acetate and tartrate of vanadium which are converted by heating to vanadium 
pentoxide in water or a mixed solvent of an organic solvent such as alcohol with water, combining the resultant 
solution with a suitable cesium compound and finely divided titanium dioxide or titanium hydroxide, then, either 
spraying an inactive carrier with the resultant siurry-like mixture or immersing the inactive carrier In the 
slurry-like mixture, and heating the carrier with the slurry-like mixture, or spraying the slurry-like mixture on the 30 
carrier heated in advance to a stated temperature. 

Examples of the cesium compound advantageously usable herein include cesium sulfate, cesium oxide, 
cesium carbonate, cesium acetate and cesium nitrate. Cesium sulfate is preferred to the other cesium 
compounds cited above. These cesium compounds except cesium sulfate are converted into their 
corresponding oxides at relatively high temperatures. In the catalyst, cesium exists as cesium sulfate, cesium 35 
oxide or cesium vanadate, for example. The most desirable form is the oxy-acld salt of sulfur such as cesium 
sulfate or cesium pyrosulfate. 

The second catalyst to be used, as packed on the downstream side of the flow of the mixed gas of raw 
materials is formed by having carried on a nonporous inactive carrier 20 to 200 g, preferably 40 to 150 g, per 
liter of the aforementioned carrier of a catalyticaily active component composed of 94 to 67% by weight, 40 
preferably 85 to 70% by weight, of titanium dioxide, and 5 to 30% by weight, preferabjy 15 to 25% by weight, of 
vanadium pentoxide. It is preferable that an alkali metal compound such as cesium is not contained In the 
catalyticaily active ingredients in an amount greater than 0.1% by weight. However, if a component of 
phosphorus, tin, antimony, bismuth, tungsten or molybdenum is contained as an oxide In an amount of 0.1 to 
3% by weight, the catalytic activity increases. Preferably a phosphorus compound Is contained as P2O6 In an 45 
amount of 1 to 2.5% by weight or a tin compound is contained as Sn02 in an amount of 0.2 to O.6O/0 by weight. 
Optionally, it may contain compounds of Fe, Co and the like In small amounts. An amount of ingredients of the 
catalyticaily active component of the second catalyst totals (with optional ingredlent(s) where necessary) 
1000/o by weight. 

In the second catalyst the specific surface area is also at least 5m 2 /g, preferably 30 to 100 m 2 /g. more 50 
preferably 30 to 70 m 2 /g. 

This catalyst may be produced by an ordinary method, for example. To be specific, it may be produced by 
dissolving or suspending vanadium pentoxide or any of the aforementioned vanadium compounds capable of 
being converted by heating into vanadium pentoxides in water or In the aforementioned organic solvent, 
combining the resultant solution with a suitable tin compound, a suitable phosphorus compound and the like 55 
and with finely divided titanium dioxide, then either spraying an inactive carrier with the resultant siurry-like 
mixture or immersing the inactive carrier In the siurry-like mixture, and heating the carrier wet with the 
slurry-iike mixture, or spraying the slurry-like mixture on the carrier heated in advance to a stated temperature. 

When a metal compound such as a tin compound or a phosphorus compound Is added, this may be in the 
form of an oxide, chloride, acetate, etc. of the metal and for example ammonium phosphate, phosphoric acid, 60 
phosphorous acid and phosphoric esters. 

The chemical names used in this specification to designate the components for the catalyticaily active 
substances are intended solely for the convenience of calculation. As is well known, actually in the catalyst, 
vanadium may be present in the form of VOx (x « 1 to 5) or a vanadat and c slum In the form of cesium 
sulfate or cesium pyrosulfate, for example. By the same token, tin Is present in the form of SnO x or a stannate 65 
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and phosphorus in the form of POx or a phosphate, for example. 

Titanium dioxide in the form of anatase, titanium dioxide hydrate, etc. are available as sources for titanium ? 
oxide in the catalyst to be used in the present invention. 

Examples of the nonporous inactive carrier to be used for the catalyst of the present invention are sintered 
5 or fused masses of silicates, steatite, ceramics, alumina and silicon carbide. To be effectively used in this 
invention, the aforementioned catalyst Is desired to be In the shape of spheres, cylinders or rings, for example, 
which have an equivalent diameter of about 3 to 12 mm, preferably about 6 to 10 mm. The cylinders or rings of 
the catalyst have a height of about 3 to 10 mm, more desirably about 4 to 8 mm, and most desirably about 70 to 
80o/o of the equivalent diameter. Among other shapes, the shape of rings proves desirable. Particularly the 

10 shape of Lessing rings which, as disclosed in Japanese Patent Publication SHO 61 (1986) -48,980, are a carrier 
of the shape of tubes each divided into two substantially equal cells by a partition wall disposed substantially 
perpendicularly to a plane In the diametric direction of the tube, with the tubes each measuring 6 to 10 mm in 
outside diameter, 4 to 8 mm in inside diameter, and 4 to 10 mm in height, the ratio of the thickness, b mm, of 
the partition wall to the thickness, a mm, of the peripheral wall of the tube, b/a, falling in the range of 0.4 to 0.8 

15 (providing that b is larger than 0.5), and the thickness of the padding, C mm. of the peripheral wall at the joint 
between the peripheral wall and the partition wall and the length of the padding, d mm, in the circumferential 
direction from the intersection between the peripheral wall and the partition wall satisfying the formula, C — e 
x 0.1 -0.3 - d x 0.5 ~ 1.5 (providing that C is equal to or larger than o and e denotes the inside diameter in 
mm) proves particularly desirable because it suffers only a little pressure loss and permits oxidation in a high 

20 concentration. In the case of the carrier in the shape of rings, the inside diameter of each ring is 2 to 10 mm, 
preferably about 4 to 8 mm. In the case of the carrier in the shape of Lessing rings, It Is proper that the rings 
should be provided with a partition wall substantially in the center and possessed of a wall thickness of 0.5 to 2 
mm, preferably 0.6 to 1 mm. 
After the catalytically active substance has been deposited on the carrier, the resultant composite is heated 

25 to complete a catalyst. This heating Is carried out at a temperature in the range of 300 ° to 600° C, preferably in 
an atmosphere of oxygen for a period of 4 to 10 hours to effect required thermal decompositon. 

The catalyst completed as described above is used to pack a reactor such as a shell and tube reactor. Then, 
a mixed gas containing naphthalene or ortho-xylene and a molecular oxygen-containing gas such as air is 
passed through this reactor to effect catalytic oxidation of naphthalene or ortho-xylene. When the two 

30 catalysts are used as described above, the volumetric ratio of the first catalyst to the second catalyst generally 

is such that the second catalyst has a volume of 30 to 300 parts, preferably 30 to 1 50 parts, or from 60 to 1 50 f 

parts preferably 30 to 95 parts, based on 100 parts of the first catalyst. Within the reactor, the second catalyst 

is packed in a lower layer of a prescribed volume and the first catalyst is packed in an upper layer of a 

prescribed volume. Downwardly from the upper side of the reactor, the mixed gas consisting of naphthalene or . 

35 ortho-xylene and a molecular oxygen-containing gas such as air is passed to effect the catalytic oxidation. The 
reaction temperature (niter temperature) is 300 ° to 400 °C, preferably 330 ° to 380° C. the concentration of 
naphthalene or ortho-xylene is 30 to 130 g/m 3 of air, preferably 50 to 100 g/m 3 of air, and the space velocity of 
the feed gas is 1,000 to 8,000 hr 1 , preferably 2,000 to 5,000 hr 1 . Of course, a mixed raw material of 
naphthalene and ortho-xylene may be used. 

40 In the present invention, the first catalyst catalyses oxidation with a relatively high selectivity to permit 
selective conversion of naphthalene or ortho-xylene to phthalic anhydride and the second catalyst effects the 
oxidation with a high activity and decreases the amount of unreacted hydrocarbon to the fullest possible 
extent. As a whole, they permit phthalic anhydride to be obtained in a high yield, with the formation of 
by-products decreased. The effect of the two catalysts is particularly conspicuous when naphthalene is used 

45 as the raw material. 

A better understanding of the present invention will be had by reference to the following examples, given by 
way of illustration. Whenever "o/o" is mentioned in the following working examples, It is meant to be o/o by 
weight unless otherwise specified. 

50 Examples 1 - 27 

(A) Preparation of first catalyst 

Powdered titanium dioxide (containing anatase type titanium dioxide), ammonium metavanadate and 
cesium sulfate was added into water and the resultant mixture was thoroughly stirred and emulsified into a 

55 slurry liquid. In a rotary furnace, a ceramic carrier of the shape of Lessing rings having 8 mm of outer 
diameter, 5 mm of inner diameter, 6 mm of height and 1 mm of thickness of partition wall was placed and 
preheated therein to temperature of 200 ° to 250° C. Now with the rotary furnace kept in rotation, the 
preheated carrier was sprayed with the aforementioned slurry liquid so that the carrier would carry 100 g of the 
catalytically active component per liter of carrier. Under a sweeping flow of air, the resultant composite was 

60 calcined at 550° C for 6 hours to produce a catalyst. 

The aforementioned treatments were so controlled that the catalytically active component of the produced 
catalyst would be composed of 1 1 to 1 5<>/o of V2O5, 1 .0 to 4.00/0 of CS2SO4, the balance being Ti02 to make up 
1000/0. Specific surface area of the catalytically active ingredients is controlled by varying the ratio of two kinds 
of titanium oxide having different specific surface area. Content of the catalytically active ingredients of the first , 

65 catalysts in Examples 1-29 and the specific surface area thereof are shown in Table 1 . 
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(B) Preparation of second catalyst 

Similarly to the first catalyst, powdered titanium dioxide, ammonium metavanadate or further tin chtorid , 
antimony nitrate, bismuth nitrate or ammonium phosphate wer added to delonlzed water. The resuttant 
mixture was stirred and emulsified to produce a catalyst of the form of slurry liquid. By following the procedure 
used in the preparation of the first catalyst, this liquid catalyst component was sprayed on a carrier of the 
shape of Lessing rings so that the carrier would carry 80 g of the catalytically active component per liter of 
carrier. Under a sweeping flow of air, the resultant composite was calcined at 550° C for 6 hours to produce a 
catalyst. The treatments mentioned above were so controlled that the catalytically active component of the 
produced catalyst would be composed of 200/o of VzOs. 0.3 to 2.0<Vb of Sn02, Sb20s, BI2O3 or P20s, and the 
balance to make up 1000/o of Ti0 2 . Content 0/0 by weight of the Ingredients except Ti02 and V2O5 in the second 
catalysts in Examples 1-29 and specific surface area of the second catalysts are shown in Table 1. 

(C) Production of phthalic anhydride 

A reaction tube 25 mm in inside diameter immersed in niter bath was packed with a bed of the first catalyst 
and a bed of the second catalyst downwardly in the order mentioned. A mixed gas of naphthalene and air was 
passed through this reaction tube. The concentration of naphthalene was 70 g/Nm 3 , the space velocity was 
3,000 hr 1 , and the temperature of niter was in the optimum range of 340 °to 360° C. 

The volumetric ratio of the first catalyst to the second catalyst was 110 parts to 100 parts In Examples 1-27. 
In Example 26, ortho-xylene was used instead of naphthalene and in Example 27, a mixture of naphthalene and 
ortho-xylene (mixing ratio is 1 : 1) was used Instead of naphthalene. The ratio of the first catalyst/second 
catalyst in Example 28 and 29 were 1.5 and 0.8 respectively. Yields of phthalic anhydride and naphthoquinone 
as by-product were shown in Table 1. 

Controls 1-3 

A phthalic anhydride was produced by following the procedure of Examples 1-25, except that the first 
catalyst bed was prepared with varying an active ingredient 6f catalyst and a specific surface area as shown In 
Table 1. The results are shown in Table 1. 

Control 4 

A phthalic anhydride was produced by following the procedure of Examples 1-25, except that the first and 
second catalyst bed were prepared with varying an active ingredient of catalyst and a specific surface area as 
shown in Table 1. The results are shown in Table 1. 

Control 5 

A phthalic anhydride was produced by following the procedure of Examples 15-22, except that only the first 
catalyst bed was used. The result is shown Table 1. 
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According to the present Invention, phthalic anhydride can b btalned from naphthalene or ortho-xytene in 
high yield under producing low by-product. Further, even If the space velocity and mixing ratio of raw material 
are high, phthalic anhydride can be obtained in high yield, so productivity is high. 

5 

Claims 



1. A process for the preparation of phthalic anhydride by the catalytic oxidation of at least one raw 10 
material selected from the group consisting of naphthalene and ortho-xylene which comprises contacting 

a mixed gas containing naphthalene or ortho-oxylene or both and a molecular oxygen-containing gas with 
a catalyst bed comprising a first catalyst packed on the upstream side of the flow of a mixed gas and a 
second catalyst packed on the downstream side of the flow, wherein the first catalyst has carried on a first 
nonporous inactive carrier a catalytically active component composed of 90 to 67% by weight of titanium 15 
dioxide, 8 to 30% by weight of vanadium pentoxide, 2 to 5% by weight of a cesium compound and a molar 
ratio of 0.1 1 to 0.2 of cesium compound per mole of vanadium pentoxlde (calculated as CS2O4), wherein 
the specific surface area of the catalytically active component It at least 20 m 2 /g, and the second catalyst 
has carried on a second nonporous Inactive carrier a catalytically active component composed of 94 to 
670/0 by weight of titanium dioxide, 5 to 30% by weight of vanadium pentoxide and not more than 0.1 0/0 by 20 
weight of an alkali metal compound (calculated as a sulphate), wherein the specific surface area of the 
catalytically active component is at least 5 m 2 /g. 

2. A process according to claim 1 , characterised In that the specific surface area of the first catalyst is 
30 to 150 m z /g and the specific surface area of the second catalyst is 30 to 100 m 2 /g. 

3. A process according to claim 1 or claim 2 characterised in that the carrier is in the shape if masses, 25 
optionally in the shape of rings. 

4. A process according to claim 3, characterised in that the masses have an equivalent diameter of 
about 3 to 12 mm. 

5. A process according to claim 3 or claim 4 characterised in that the masses are in the shape of rings, 

and the rings are Lessing rings have a height of 3 to 10 mm and the height is about 70 to 80% of the 30 
equivalent diameter of the rings. 

6. A process according to claim 5 characterised in that the Lessing rings are tubes having an inside 
diameter of 2 to 10 mm, possessing a partition wail substantially in the center of the ring, and having a wall 
thickness of 0.5 to 2 mm. 

7. A process according to any one of the preceding claims characterised in that the reaction Is carried 35 
out at a temperature of 300° to 400° C with the concentration of naphthalene or ortho-xylene in the range 

of 30 to 130 g/m 3 of air. 

8. A process according to any one of the preceding claims characterised In that the volumetric ratio of 
the first catalyst to the second catalyst Is such that the second catalyst has a volume of 30 to 300 parts 
based on 1 00 parts of the first catalyst. 40 

9. A process according to any one of the preceding claims characterised In that the catalytically active 
component of the first catalyst is composed of 88 to 77% by weight of titanium dioxide, 10 to 20% by 
weight of vanadium pentoxide, and 2.5 to 5Q/b by weight of cesium compound (calculated as CS2SO4) and 
the catalytically active component of the second catalyst is composed of 70 to 85% by weight of titanium 
dioxide, 15 to 25<Vb by weight of vanadium pentoxide, 0.1 to 3% by weight of an oxide of at least one 45 
element selected from the group consisting of phosphorous, tin, antimony, bismuth, tungsten and 
molybdenum, 

10. A process according to claim 9 characterised in that the oxide is 1 to 2.5% by weight of a phosphorus 
compound (calculated as P2O6) or 0.2 to 0.6% by weight of a tin compound (calculated as Sn02). 

1 1 . A process according to any one of the preceding claims characterised In that the cesium compound 50 
is cesium sulphate. 

12. A process according to any one of the preceding claims characterised in that the raw material to be 
oxidised is naphthalene. 

13. A catalyst for the manufacture of phthalic anhydride, which catalyst has carried on a nonporous 
inactive carrier a catalytically active component composed of 90 to 67% by weight of titanium dioxide, 8 to 55 
300/0 by weight of vanadium pentoxide, 2 to 50/0 by weight of cesium sulphate and 0.11 to 0.2 of cesium 
compound/vanadium pentoxide (molar ratio) (calculated as CS2O4), wherein the specific surface area of 

the catalytically active component is at least 20 m 2 /g. 
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